Young children living with infectious tuberculosis (TB) cases are at high risk of infection and disease, and screening is recommended. This is rarely conducted in resource-limited settings. Identifying children most at risk of infection may be useful for setting practical screening policies. D E S I G N : Child contacts of smear-positive adult TB patients were invited for Mycobacterium tuberculosis infection and disease screening by symptoms, tuberculin skin test (TST), QuantiFERON ® -TB Gold In-Tube assay (QFT-GIT) and chest X-ray. Risk factors for infection were collected using a questionnaire and were calculated separately for TST, for QFT-GIT and for both tests combined. Risk of infection with Mycobacterium tuberculosis is strongly associated with infectious load of and exposure to a TB case. 2 Infected children are at high risk of disease progression. 3 The World Health Organization (WHO) therefore recommends that all children aged ⩽5 years living with a smear-positive TB patient be screened. Those cleared of disease should be prescribed 6 months of isoniazid preventive therapy (IPT). 4 Although screening of children (child contacts) living with a TB patient is incorporated into most national TB programmes, it is rarely conducted in endemic, resource-limited settings. 5, 6 Investigation of infection levels in child contacts and identifying risk factors for infection within TB-affected households may be of value for informing screening policies where resources are scarce. 7 The diagnosis of M. tuberculosis infection remains a barrier to screening and IPT. 8 The majority of highburden countries continue to use the tuberculin skin test (TST), despite well-known limitations. 8 New interferon-gamma release assays (IGRAs) are becoming popular; however, their utility in high-burden settings remains controversial. 9 Few studies have investigated risk factors for the positivity of the new generation IGRA, the QuantiFERON ® -TB Gold In-Tube assay (QFT-GIT; Cellestis, Carnegie, VIC, Australia) or compared multiple risk factors for QFT-GIT positivity with TST positivity.
test (TST), QuantiFERON ® -TB Gold In-Tube assay
(QFT-GIT) and chest X-ray. Risk factors for infection were collected using a questionnaire and were calculated separately for TST, for QFT-GIT and for both tests combined. APPROXIMATELY 180 MILLION children are affected by tuberculosis (TB) disease every year, resulting in several hundred thousand preventable deaths. 1 Risk of infection with Mycobacterium tuberculosis is strongly associated with infectious load of and exposure to a TB case. 2 Infected children are at high risk of disease progression. 3 The World Health Organization (WHO) therefore recommends that all children aged ⩽5 years living with a smear-positive TB patient be screened. Those cleared of disease should be prescribed 6 months of isoniazid preventive therapy (IPT). 4 Although screening of children (child contacts) living with a TB patient is incorporated into most national TB programmes, it is rarely conducted in endemic, resource-limited settings. 5, 6 Investigation of infection levels in child contacts and identifying risk factors for infection within TB-affected households may be of value for informing screening policies where resources are scarce. 7 The diagnosis of M. tuberculosis infection remains a barrier to screening and IPT. 8 The majority of highburden countries continue to use the tuberculin skin test (TST), despite well-known limitations. 8 New interferon-gamma release assays (IGRAs) are becoming popular; however, their utility in high-burden settings remains controversial. 9 Few studies have investigated risk factors for the positivity of the new generation IGRA, the QuantiFERON ® -TB Gold In-Tube assay (QFT-GIT; Cellestis, Carnegie, VIC, Australia) or compared multiple risk factors for QFT-GIT positivity with TST positivity.
R E S U LT S
This study, conducted in Indonesia, a country with the fi fth-highest caseload of TB globally, 10 aimed to quantify M. tuberculosis infection in children living with a smear-positive adult TB case and identify risk factors for TST and QFT-GIT positivity.
METHODS
This study was conducted over 16 months at an urban community lung clinic in Bandung, West Java. This out-patient-based clinic acts as a referral for respiratory illnesses seen in primary health centres and private
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clinics. Around 2000 adults are diagnosed yearly with TB; approximately 50% are smear-positive. For this study, newly diagnosed adult TB cases living with a child(ren) (6 months-9 years) for more than 3 months were invited to bring their child contacts to the clinic for M. tuberculosis infection and disease screening. Eligible TB cases (index case) were smear and chest X-ray (CXR) positive. Smears were prepared using Ziehl-Neelsen staining; positivity was graded according to WHO guidelines. 11 TB cases who had taken anti-tuberculosis medications for >1 month, were retreatment cases or who lived outside of Bandung, were excluded. Child contacts who had received a diagnosis of TB disease within the past year or who were aged <6 months were excluded (the latter due to known poor parental acceptability of blood collection).
Data collection and screening
Following informed consent, index cases and/or primary care givers of child contacts were administered a structured, piloted questionnaire by a trained study nurse. Information collected included child contact and index case demographic and health information, child's degree of exposure to the index case, and household and socio-economic factors. Child contacts were examined for TB-related symptoms and evidence of bacille Calmette-Guérin (BCG) scar. Children's current height and weight were measured to establish weightfor-height malnutrition status using WHO Anthro software (3.2.2 ed. WHO, Geneva, Switzerland, 2011). Human immunodefi ciency virus (HIV) testing was not performed, as HIV prevalence in the general population and TB patients is low, at respectively 0.2% and 3.0%, 12 while HIV-related stigma is high.
Child contacts were screened for M. tuberculosis infection using two methods. For QFT-GIT, 3 ml of venous blood was collected into a syringe; 1 ml was immediately transferred to each of the QFT-GIT tubes (nil, mitogen and antigen). The tubes were vigorously hand-shaken and placed in an incubator within 3 h. Incubated samples were centrifuged and stored at 4°C for up to 1 month. The QFT-GIT assay was conducted and interpreted according to the manufacturer's instructions using specifi c software.
TST was performed by the study nurse following blood collection using two tuberculin units of purifi ed protein derivative (PPD; RT23 Biofarma ® , Bandung, Indonesia). Induration was measured 48-72 h after administration and confi rmed by the study doctor. An induration of ⩾10 mm was considered positive.
TST-positive, QFT-GIT-positive or indeterminate child contacts (symptomatic and asymptomatic) underwent CXR, which was reviewed by the attending paediatrician. Children who were symptomatic and TST-or QFT-GIT-negative (n = 5) were referred to the children's clinic for further assessment according to clinic policy. Using clinical and radiological fi ndings, a decision regarding prescription of full antituberculosis treatment was made. All children aged ⩽5 years and cleared of disease were prescribed IPT. For study purposes, CXRs were reviewed by consensus reading by a consultant paediatrician (WHO Offi ce, Jakarta, Indonesia) and a consultant physician (PH). Active TB was defi ned by CXR fi ndings consistent with TB according to the consultants. TB diseasepositive children were excluded from data analysis.
Data analysis
Data were double-entered and checked for errors. Index case and child contact characteristics were described using summary statistics. Child contact age was dichotomised, as children aged <3 years are at greatest risk of disease progression. 3 Trends were investigated using an extension of the Wilcoxon ranksum test. Proportions of positivity were compared between TST and QFT-GIT using probability testing. To determine factors associated with test positivity, logistic regression was employed separately for TST, QFT-GIT and a combined test (CT) outcome, where either or both tests were positive. Data were excluded from relevant analyses where the TST was not read, the QFT-GIT was indeterminate or there was laboratory failure. Household clustering was accounted for using a variance estimator option. Multivariate models were created for signifi cant or almost signifi cant variables in univariate analysis. Possible confounders were chosen based on likelihood as a confounder and the change in estimate methodology. 13 Backwardsstepwise elimination was used to create fi nal models. All data analysis was conducted using STATA, version 11.0 (Stata Corp, College Station, TX, USA).
Ethical approval for this study was obtained from the South Island Regional Ethics Committee, New Zealand, and the Ethics Committee of the Padjadjaran University, Bandung, Indonesia.
RESULTS
From 210 index cases, 320 child contacts were eligible for the study (Appendix Figure) .* Of these, 16 (5%) were diagnosed with active TB according to the consultants and were excluded from analysis. Of 302 children, 145 were positive using TST (48%, 95% confi dence interval [CI] 42-54), 152/299 using QFT-GIT (51%, 95%CI 47-58) and 180/304 using CT (59%, 95%CI 54-65). Approximately 50% of the children were male, the median age was 58 months, and the majority had evidence of BCG vaccination and were asymptomatic ( Table 1) . Six children were considered undernourished or severely undernourished (Z-score >-2.0), of whom three (50%) were positive by either or both tests. Index cases were most commonly the child's parent, had a productive cough and were 3+ smear-positive.
TST positivity was associated with high infectious load (smear positivity 3+) of the index case (Appendix Table A High infectious load of the index case was also signifi cantly associated with QFT-GIT positivity (Appendix Table A. 2). For exposure variables, increased sleeping proximity of the index case to the child contact increased the risk of QFT-GIT positivity, as did the index case being the child contact's parent and having fewer than 10 people living in the household. Unlike the TST, QFT-GIT positivity was associated with older age of the child contact. In multivariate analysis, case infectivity (AFB 3+, OR 2.28, 95%CI 1.06-4.90), older age (OR 2.58, 95%CI 1.53-4.34) and the index case being the child contact's parent (OR 4.30, 95%CI 1.48-12.45) remained signifi cant.
Strong trends across gradients of exposure and infectious load variables were seen for both tests. Dif- ferences in the proportions of TST-positives vs. QFT-GIT-positives were not signifi cant at any exposure level (data not shown). High infectious load was signifi cantly associated with increased CT positivity ( Table 2) . For exposure variables, the index case being the child contact's parent, having fewer than 10 people living in the household, close sleeping proximity between the index case and child contact, and older age of the child contact were signifi cantly or borderline signifi cantly associated with increased CT positivity. Crowding within the household was not a signifi cant risk factor. In multivariate analysis, the infectious load of the index case (AFB 3+, OR 2.44, 95%CI 1.24-4.80), the index case being the child contact's parent (OR 4.08, 95%CI 1.75-9.49) and number of people in the household (compared to >10 people: 5-10 people OR 5.09, 95%CI 1.64-15.80, 1-4 people OR 4.87, 95%CI 1.44-16.46) remained signifi cant predictors of CT positivity.
DISCUSSION
In this setting, M. tuberculosis infection by either test was high in children living with a smear-positive TB case. Test positivity was driven by high index case infectivity levels and intimacy of exposure (if the index case was the child contact's parent). These fi ndings support screening and IPT programmes for child contacts and, in resource-poor settings, provide insight into the special importance of targeting those children whose parent is the index case or who are living with a highly infectious TB patient.
Levels of infection and disease among child contacts in this study are similar to those reported elsewhere. A recent review of contact tracing studies from South-East Asia found infection among child contacts aged <15 years to range from 24% to 69%, while TB disease ranged from 3.3% to 5.5%. 14 Previous investigations have found that those living with a TB case have the highest risk of M. tuberculosis infection. [15] [16] [17] In this study, where all children were household contacts of a TB case, levels of infectivity were a further factor determining infection. Level of case infectivity as an M. tuberculosis infection risk factor is consistently mentioned in the literature. 7 In The Gambia, increased lung involvement was associated with increased infection rates in child contacts, 2 while in Malawi and Laos, increasing case smear positivity was directly linked to increased infection levels among child contacts. 5, 7 Child contacts whose parent was the index case were over four times as likely to be positive by both or either tests. High increased risk of M. tuberculosis infection when the index case is the parent, particularly the mother, has been reported elsewhere. In Botswana, children were 5.1 (95%CI 2.1-12.4) times as likely to be infected if the mother was the TB case, 18 and in Turkey, child contacts aged ⩽16 years were 2.2 (95%CI 1.6-2.9) times as likely to be infected if the index case was a parent. 19 This association likely refl ects the increased intimacy of the relationship between child and parent. In two African studies, where women do the majority of child rearing, increased risk of M. tuberculosis infection was observed if the index case was the mother compared to the father. 7, 20 The increased risk of infection when the index case is a parent may also be explained by genetic factors. A Gambian study reported that children were less likely to be TST-positive if the index case was not of fi rstdegree genetic proximity (OR 0.72, 95%CI 0.54-0.97). The authors suggested that, while closeness of contact was the overriding factor in infection risk, genetic factors may play a role. 17 Crowding, refl ecting the number of people in relation to space in a house, has long been thought to infl uence M. tuberculosis infection rates. 21 This study and others have not found crowding to be signifi cantly related to infection in child contacts. 2, 7, 18 It has been suggested that the lack of association is due to a saturation effect, whereby above a certain number of people per room, no dose-response relationship between infection levels and crowding levels is observed. 22 This study found an inverse relationship between number of people per sleeping room and risk of infection. A study from The Gambia reported similar fi ndings, 2 and the authors suggest that it is intimacy and occurrence of contact with the index case that drive transmission, and not the number of persons in contact with the TB case in a limited area.
Poverty, as refl ected by household income, was associated with increased TST positivity. Low socioeconomic status (SES) has been suggested to impact infection levels through poor nutrition, crowding, urbanisation and alcoholism. 21 While we did not fi nd an association with crowding or poor nutrition, other factors associated with SES may well be important in this setting. These may be amenable to interventions, and further investigation is required.
Comparisons have shown little difference between the performance of TST and QFT-GIT in high-burden countries. 9 Both the TST and QFT-GIT responded as expected to most hypothesised risk factors, and neither test performed signifi cantly better than the other along any of the gradients. A recent meta-analysis of studies conducted in high-burden settings showed that the regression lines for TST and QFT-GIT positivity over exposure gradients were similar, with overlapping CIs. 9 This study has several limitations. We cannot be sure that other TB cases within the household were reported, potentially compromising the evaluation of some risk factors. However, only around 2% of household members would be expected to have co-prevalent bacteriologically confi rmed TB. 23 The study's crosssectional design prevents temporal associations from being made. HIV infection status, a potential risk factor, 24 was not established. However, as HIV prevalence is low in Indonesia, 12 it is likely that too few participants would have been HIV-positive to show a signifi cant association, and a requirement for testing would have increased the numbers of refusals to participate. Furthermore, truly M. tuberculosis-infected children may have been missed if exposure was <8 weeks prior to testing. Finally, as smear-negative patients were not included as index cases, their infectivity cannot be determined. Other research has found them to be suffi ciently infectious as to justify contact screening. 15 This study illustrates the high risk of M. tuberculosis infection experienced by children living with smear-positive TB cases, in particular if the case has a high bacterial load or is the child's parent. Although screening and provision of IPT for child contacts has great potential to reduce the burden of TB disease, it is rarely implemented in resource-limited settings. This is in part due to indirect costs to the family and clinic workload. 5 Targeting screening at those children most at risk of infection, such as children whose parent is the index case, may enhance the feasibility of screening programmes. Such screening would reduce indirect costs to families, as small children who often accompany their sick parent to the clinic could easily be identifi ed and screened simultaneously during index case diagnosis.
CONCLUSION
High levels of M. tuberculosis infection and disease were seen in this setting, supporting greater emphasis on screening and IPT for child contacts. Screening and IPT focused on children of smear-positive parents may be an option in clinics where resources are limited. * P values were calculated for variables with gradients using an extension of the Wilcoxon rank-sum test. Confounders: † TB case's relationship to child; ‡ marital status and smear positivity of household head; § TB case's relationship to child, smear positivity. ¶ IRP = Indonesian rupiah (1 USD = 10 000 IRP). # Income index = total monthly household income/total number of people supported by household income. TST = tuberculin skin test; OR = odds ratio; CI = confidence interval; aOR = adjusted OR; BCG = bacille Calmette-Guérin; TB = tuberculosis.
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M A R C O D E R E F E R E N C I A Y O B J E T I V O S :
Los niños de corta edad que viven con casos contagiosos de tuberculosis (TB) presentan un alto riesgo de contraer la infección y la enfermedad tuberculosa; por esta razón se recomienda practicar en ellos la detección sistemática. Esta medida se practica rara vez en los entornos con recursos limitados. Conocer a los niños que se encuentran en mayor riesgo de contraer la infección podría ser útil en el momento de establecer las normas prácticas de detección sistemática.
M É T O D O :
Se convocó a los niños contactos de pacientes adultos tuberculosos con baciloscopia positiva a fin de investigar la presencia de infección y enfermedad tuberculosa con base en los síntomas, el resultado de la prueba tuberculínica (TST), de la prueba QuantiFERON ® -TB Gold En Tubo (QFT-GIT) y de la radiografía de tórax. Se recogieron datos sobre los factores de riesgo de infección mediante cuestionarios; se calculó el riesgo con cada prueba de manera independiente y con todas las pruebas combinadas. La infección por M. tuberculosis detectada con cualquiera de las pruebas constituye un fundamento de peso en favor de la investigación diagnóstica y el tratamiento preventivo. Los hijos pequeños de los casos de TB con baciloscopia positiva que acompañan a sus padres al consultorio son candidatos de alta prioridad para la detección sistemática inmediata.
R É S U M É R E S U M E N
